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We present the results of an exact calculation of gluon radiation in top production and 
decay at high energy electron-positron colliders. We include all spin correlations and 
interferences, the bottom quark mass, and finite top width effects in the matrix element 
calculation. We study properties of the radiated gluons and implications for top mass 
measurement. We also discuss virtual corrections to the process. 

1. Introduction 

Lepton colliders provide a clean environment for top quark studies. In constrast 
to hadron colliders, kinematics and QCD backgrounds are well under control at 
lepton colliders. This allows for measurements of top quark properties such as 
mass, width, and electromagnetic couplings. These measurements require precise 
predictions, beyond leading order in perturbation theory. Furthermore, because 
the top quark is a heavy, unstable particle, higher-order corrections to both the top 
production and decay processes must be considered together. This is becoming the 
standard approach as we enter the TeV regime and is already familiar from dealing 
with Z and WW production at LEP. 

Here we consider QCD corrections to tt production and decay at linear colliders 
at energies above the top pair thresholctl; see also El. For most of the talk we consider 
real gluon corrections, and comment briefly on virtual corrections at the end. 

2. Real Gluon Radiation 

Radiated gluons appear as hadronic jets in particle detectors, and these jets are 
often indistinguishable from the jets coming from top quark decays (indeed, the 
gluons may be part of the decays themselves). As a result, identification of top 
quark events and measurement of the top mass by momentum reconstruction can 
be complicated by the presence of gluon radiation. 

At lepton colliders there can be no gluon radiation from the initial state, but 
gluons can be radiated from the produced quarks in either the top production or 
decay stage. We have calculated the cross section for the process 

e+e- -> 7*, Z* -> tt(g) -> bW+bW'g . (1) 

using the exact matrix elements including top width effects, spin correlations be- 
tween top production and decay, all masses, and all interferencesEI. 
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Figure 1: The fraction of gluon emissions radiated in the production stage, as a 
function of minimum gluon energy, for center-of-mass energy 1 TeV (solid line) and 
500 GeV (dashed line). 

The distinction between production- and decay-stage emissions is based on 
whether the top quark is closer to being on shell before or after the top quark 
is radiated. In the calculation the separation is straightforward with a little al- 
gebra; we can then identify the individual contributions from the production and 
decay stages as well as their interferences (which are small for the most part). 

We show in Figure 1 the resulting fraction of the cross section contributed by 
production-stage radiation as a function of the minimum gluon energy. We see that 
gluons emitted in the production stage account for less than half of the radiative 
cross section in both cases. Phase space accounts both for the increase in the 
fraction with center of mass energy and the decrease with increasing gluon energy. 

Results for mass reconstruction are shown in Figure 2, with and without the 
extra gluon included. We see clear peaks where the correct combination is ob- 
tained, with a low tail when decay-stage gluons are omitted, and a high tail where 
production-stage gluons are included. An invariant mass cut can be used to improve 
the resolution and angular cuts (between the gluon and the b quarks) can do even 
better. Our results are at the parton level however, so hadronization and detector 
effects must ultimately be taken into account. 

The interference between gluons radiated in the production and decay stages, 
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Figure 2: The top invariant mass spectrum without (left) and with (right) the 
gluon momentum included, for center-of-mass energy 600 GeV. 



though small, can be interesting because it is sensitive to the total width of the top 
quark. In particular, this interference is largest when the gluon energy is comparable 
to the top width, and given suitable cuts, can be destructive. See tl for details. 

3. Virtual Corrections 

A complete next-to- leading order calculation requires virtual corrections, andthese 
are currently in progress!! Individual corrections to productionQ and decajfl (so- 
called "factorizable" corrections) have been known for some time. But the interference- 
type or "nonfactorizable" corrections, where for example a gluon connects the top 
quark and the bottom antiquark, have not. Many of the theoretical issues are simi- 
lar to those that arise in the calculation of corrections to WW production at LEPEl. 
As in the WW case, the calculation is being performed in the Double-Pole Approx- 
imation, in which only contributions from doubly- resonant diagrams are kept. The 
complete calculation will be aviailable soon. 
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